
Memorandum 

To: Sean Sheldrake, U.S. EPA Region 10 

From: Lance Peterson, RG and Stephen Dent, PhD 

Date: June 25, 2013 

Subject: Arkema Offshore NAPL Evaluation 

This memorandum presents CD M Smith Inc.'s (CDM Smith) evaluation of the presence of non
aqueous phase liquid (NAPL) offshore of the Arkema Inc. facility in Portland, Oregon. This 
evaluation was conducted as a response to Legacy Site Services' (LSS) statement that, "There is 
no documented presence ofNAPL in sediments off the Arkema site." This statementwas made by 
LSS as part of their March 28, 2013 response to the U.S. Environmental Protection Agency's (EPA) 
February 11, 2013 comments on the draft Engineering Evaluation and Cost Analysis 
(EE/CA)(Integral Consulting Inc., 2012) for the Arkema Early Action site. Specifically, LSS made 
this statement in response to EPA's EE/CA Comment No. 40 in which the EPA indicated that 
source material (i.e., NAPL) is present offshore of the Arkema site. 

Methodology 
In order to evaluate the presence of NAPL offshore of the Arkema site, CDM Smith considered 
several lines of evidence. The primary and strongest line of evidence used was visual 
observations of blebs, globules, dark brown oily material, or other similar terms as documented 
on existing sediment core logs. Secondary lines of evidence were also evaluated to determine if 
the data suggested the presence of NAPL. The secondary lines of evidence were evaluated to 
support the core log evaluation findings or provide information on the potential presence of 
NAPL where visual observations were lacking. The secondary lines of evidence evaluated 
included: 

Evaluating sheen and odor along with corresponding elevated organic vapor meter 
(OVM) measurements 

Screening of transition zone water (TZW) and in-river groundwater concentration data 

Evaluation of upland NAPL plumes with respect to proximity to the Willamette River 

The following sections discuss evaluation of the primary and secondary lines of evidence and the 
findings with regard to the presence of NAPL offshore of the Arkema site. 

ED_000959_PST _00007927-00001 3/28/2018 SEMS_296192 



Mr. Sean Sheldrake 
June 25, 2013 
Page 2 

Evaluation of Sediment Core Logs 
CDM Smith evaluated 73 sediment core logs obtained from the reports listed below: 

Phase II Stage 1 & 2 In-River Groundwater /Sediment Investigation Report (Integral 
Consulting Inc., 2003)- 25 Logs 

Portland Harbor RifFS Round 2A Sediment Site Characterization Summary Reports and 
the Round 28 Field Summary Report (Lower Willamette Group, 2005)- 12 Sediment Core 
Logs Adjacent to the Arkema Facility 

Final Removal Action Area Characterization Report (Integral Consulting Inc., 2011) - 36 
Logs 

The sediment core logs were reviewed to determine if terms such as blebs, globules, dark brown 
oily material, etc., were documented indicating the likely presence of NAPL. Out of 73 sediment 
core logs reviewed, six cores were identified as containingterms indicatingthe presence ofNAPL. 
These six sediment cores are: 

WB-6 

WB-11 

WB-35 

WB-36 
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The sediment core log noted that a "residual NAPL" was observed from 
11.8 to 11.9 feet below mudline (ft bml). Note that there was no sample 
recovery from 11.9 to 15.9 ft bml as the sediment was very soft so NAPL 
presence could not be verified for this interval but a strong odor was 
noted at 15.9 ft bml at the top of the next sample recovered. 

In addition, the report text (Integral Consulting Inc., 2003) noted a 
positive response to the Sudan IV field screeningfor NAPL at -12.5 to -14.4 
ft City of Portland Datum (CPD) although the report notes that this may 
have been due to petroleum hydrocarbons based on visual evidence. 

The report further indicates a residual NAPL of unknown origin was 
identified at -22.4 to -24.4 ft CPD and visual evidence of residual NAPL 
characteristic of DDT manufacturing(identified in text specifically as 
NAPL) was observed as a 0.1-foot band corresponding with a spike in an 
OVM measurement. 

"Trace of dark brown oily material" noted at 6.5 to 7.5 ft bml. 
"Strong odor" accompanied by a "few black bands 1" thick" were noted 
from 13.5 to 14.5 ft bml. 

"Small brown oil globules" noted from 8 to 9.3 ft bml. "Small brown oil 
globules" noted from 10 to 10.8 ft bml. "Few oil globules" noted from 13.2 
to 13.3 ft bml. "Heavy sheen with oil globules" noted from 18 to 19 ft bml. 

"SAND with black oily material" and "strong chemicaljdecayingvegetation 
odor" noted from 9.5 to 10ft bml. 
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WB-49 

C358 

"A few small spotty brown oil globules" noted from 3 to 4 ft bml. 

"Black liquid with oily odor" noted from 54 to 56 centimeters bml (1. 77 
to 1.83 ft bml). 

Copies of the logs where the likely presence of NAPL has been identified are provided in 
Attachment A. The intervals where terms indicating the presence of NAPL were identified have 
been highlighted on each log for review. Figure 1 shows the six sediment core locations where 
NAPL has been potentially identified based on a review of the sediment core logs. 

In addition, CD M Smith provided oversight of field investigation activities that occurred in 2009 
(CDM Federal Programs Corporation, 2010). The CDM Smith representative noted oil globules 
and heavy sheen in sediment core WB-35 from 8 to 10ft bml, 12 to 14ft bml, and 18 to 20ft bml 
along with moderate to strong petroleum odors. Two photographs (No. 007 and No. 008) were 
taken of the core showing the oil globules. 

Secondary Lines of Evidence 
Sheen and Odors with Corresponding Elevated OVM Measurements 
Sheens and odors along with corresponding elevated OVM readings provide further evidence of 
the presence of NAPL. DNAPL Site Evaluation (Cohen & Mercer, 1993), a dense NAPL (DNAPL) 
site evaluation guidance document, identifies a range of OVM readings from 100 to 1,000 parts 
per million (ppm) as potentially indicating the presence of NAPL. Table 1 provides a summary of 
the sediment cores in which sheen, odor, and elevated OVM readings were observed. 

Sheen covered sediment accompanied with odor, and elevated OVM readings were observed at 
core locations WB-6, WB-11, WB-36, WB-39, WB-42, C348, C351, C360-2 and C366-2. Table 1 
presents the OVM readings obtained at each core location. The highest OVM reading of 3,000 
ppm was obtained at core location WB-6 where residual NAPL was also observed. OVM readings 
greater than 1,000 ppm, along with sheen and odor, were observed at sediment core locations 
WB-10, WB-11, and C351, providing strong evidence of the presence of NAPL. Figure 1 shows 
the locations where sheenjodors and accompanied elevated OVM readings indicate the potential 
presence of NAPL through this secondary line of evidence. Attachment B provides the sediment 
core logs for these locations. 

TZW and In-River Groundwater Concentrations Screening 
TZW and in-river groundwater concentration data was screened based on criteria presented in 
the DNAPL Site Evaluation (Cohen & Mercer, 1993) guidance document, which indicates that 
contaminant concentrations exceeding 1% solubility may infer the presence of NAPL. For this 
evaluation, two contaminants of concern were assessed: 4,4'-DDT and chlorobenzene. The 1% 
solubility criteria for 4,4'-DDT is 0.0325 micrograms per liter (f.lg/L), and the 1% solubility 
criteria for chlorobenzene is 5,000 11g/L. 
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TZW samples were collected as part of the Portland Harbor Remedial Investigation (RI) in an 
area along the shore just to the north of Dock 2 (downstream dock) and adjacent to the NAPL 
plume identified in the Arkema Upland RI Report (Environmental Resources Management, 2005), 
which is approximated to border the river's edge. Sample locations where concentrations 
exceeded the 1% solubility criteria for 4,4' -DDT and/ or chlorobenzene are shown on Table 2. 
The contaminants 4,4'-DDT andjor chlorobenzene were detected in TZW samples at 
concentrations ranging from 0.84 to 2.7 11g/L and 12,000 to 30,000 11g/L, respectively. Figure 1 
shows the locations where elevated contaminant concentrations in TZW samples indicate the 
potential presence of NAPL through this secondary line of evidence. 

Groundwater samples collected offshore of the Arkema site were collected during Phase II, Stage 
1, of the Groundwater and Sediment Investigation performed by Integral Consulting Inc. in 2002 
and 2003 for ATOFINA Chemicals. Table 3lists groundwater sample locations where 4,4'-DDT 
andjor chlorobenzene analytical results exceeded the 1% solubility criteria. Note that all positive 
results for 4,4' -DDT above the detection limit are listed as the detection limit did not drop below 
the 1% saturation criteria. Note also that all butthree of the reported concentrations for DDT are 
above the solubility limit (i.e., fully saturated), and that one sample is over three orders of 
magnitude above saturation. Integral Consulting Inc. (2003) speculated that DDT concentrations 
elevated above saturation may have been high-biased "because the groundwater samples were 
collected using Geoprobe® temporary well screens," which could have introduced fine material. 
However, they do note that the exceedances of DDT solubility are collocated with samples of 
elevated chlorobenzene, which they indicated is a likely co-solvent interaction between DDT and 
chlorobenzene. Figure 1 shows the locations where elevated contaminant concentrations in 
groundwater samples indicate the potential presence of NAPL through this secondary line of 
evidence. 

Upland NAPL Plume Evaluation 

Evaluating the presence of NAPL in upland soil adjacent to the Willamette River provides 
evidence of potential sources of NAPL migrating to sediment offshore of the Arkema site. Dense 
non-aqueous phase liquid (DNAPL) plumes have been identified and characterized in the uplands 
of the Arkema site (Environmental Resources Management [ERM], 2005). DNAPL was identified 
by visual observation along with OVM readings that were then validated by Sudan IV 
Hydrophobic Dye testing. Ultimately, zones of residual DNAPL were characterized by OVM 
readings greater than 500 ppm, sheen visually evident on soil particles, and the confirmed 
presence of brown or red droplets in the soil sample (referred to in the ERM report as ganglia or 
microglobules). Note that Cohen & Mercer (1993) identify a range of OVM readings that may 
infer the presence of NAPL from 100 to 1,000 ppm. 

Two major DNAPL plumes were identified in the uplands of the Arkema site. One plume was 
identified beneath the former Manufacturing Process Residue (MPR) Pond and Trench, and 
another plume was identified just upstream of Dock 2 bordering the edge of the river bank (see 
ERM figure in Attachment C). Cross sections generated from borehole logs show a gravitational 
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pathway along a sloped silt layer for the NAPL to travel in a north/northeasterly direction from 
the former pond area toward the river. 

Evaluation Findings 
Evidence for the presence of NAPL, both through direct physical and supporting ancillary (i.e., 
secondary) evidence, has been documented within the in-water sediments adjacent to the 
Arkema site. NAPL has been documented through direct visual evidence in six sediment core logs 
where terms such as NAPL, black oily material, black bands, and oil globules were used to 
describe this material. Most notably, in the Phase II sediment investigation, it was noted that the 
observed NAPL was "characteristic of DDT manufacturing process residue" (Integral Consulting 
Inc., 2003). Also, while many observations made in borehole cores are from a single discreet 
depth, oily globules observed in WB-35 were noted repeatedly from a depth of 8 to 19ft bml, 
indicating a vertical distribution of the NAPL plume of 11 feet 

In support of the visual evidence documented for the presence of NAPL, there are multiple lines 
of ancillary evidence from the sediment investigations. There were a total of 9 sediment core logs 
that documented the presence of sheen accompanied with moderate to strong odor, and OVM 
readings above 100 ppm, a concentration criteria outlined in Cohen & Mercer (1993) as evidence 
that may infer the presence of NAPL. 

Groundwater concentrations of chlorobenzene and 4,4'-DDT also support the visual 
documentation of NAPL. Chlorobenzene concentrations greater than 1% solubility were 
identified in three TZW samples and seven borehole groundwater samples. Elevated 
chlorobenzene results from the 2003 Phase II sedimentinvestigationwere described as being the 
result of, "DNAPL fluids likely migrated along more permeable sand beds within the finer-grained 
and less permeable sediments that slope to the southeast and generally emulated the slope of the 
basalt surface in the near shore area" (Integral, 2003). 4,4'-DDT concentrations greater than 1% 
solubility were identified in four TZW samples and 14 borehole groundwater samples, 11 of 
which were above 100% solubility concentrations. 

Based on the primary line of evidence (visual observation), and secondary lines of evidence 
(sheenjodor with accompanying elevated OVM readings and elevated TZW and groundwater 
contaminant concentrations in excess of 1% solubility), NAPL appears to be present in the in
water sediment adjacent to the Arkema site. Figure 1 identifies the locations with primary 
evidence of NAPL (i.e., visual indications) and locations with secondary evidence of NAPL (i.e., 
sheenjodor with accompanying elevated OVM readings and elevated TZW and groundwater 
contaminant concentrations in excess of 1% solubility). 
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Table 1 

Summary of Cores that Exhibit Evidence of NAPL Based on Field Observations 

Arkema Early Action Site 

Depth NAPL 

Core ID (ft bml) Observation 

WB-6 11.8-11.9 Yes 

WB-11 6.5- 7.5 Yes 

13.5- 14.5 

WB-35 8-9 Yes 

10-10.8 

13.2- 13.3 

18-19 

WB-36 9.5 -10 Yes 

16-18 

WB-39 10-12 No 

WB-42 8- 10 No 

WB-49 3-4 Yes 

C348 1-5 No 

(30 -153 em) 

C351 1-2.6 No 

(30- 80cm) 

C358 1.77 -1.83 Yes 

(54- 56 em) 

(360-2 2.3- 5.9 No 

(70 -180cm) 

(366-2 6.6-9.4 No 

(202- 288 em) 

Notes: 

ft bml - feet below mudline 

NA- not applicable, no NAPL observed 

NAPL- non-aqueous phase liquid 

OVM -organic vapor meter 

ppm - parts per million 

Primary Line of Evidence 

NAPL Description 

Residual NAPL 

Trace of dark brown oily material 

Few black bands 1" thick 

Small brown oil globules 

Small brown oil globules 

Few oil globules 

Oil globules 

Black oily material 

NA 

NA 

NA 

Few small spotty brown oil globules 

NA 

NA 

Black liquid 

NA 

NA 

--- Indicates OVM reading was not obtained or was below the 100 ppm criteria 

1) OVM screening level for NAPL (greater than 100 ppm) based on criteria 

presented in DNAPL Site Evaluation (Cohen & Mercer, 1993) guidance document. 

P:\50993-315-Arkema\EE-CA\NAPLposition paper\NAPlposition paper\Tables\Table 1- Core Log NAPL Summary.xlsx 
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Secondary Line of Evidence 

Sheen with OVMReading 

Odor Sheen/Odor Description >lOOppm 1 

Yes Strong odor >3,000 

Yes Weak odor ---

Strong odor 1,230 

Yes Weak to strong petroleum odor ---

Moderately strong petroleum odor ---

Sheen 139.5 

Black, heavy sheen, strong petroleum odor ---

Yes Light sheen, strong chemical/decaying vegetation odor ---

Strong chemical odor, light sheen 675 

Yes Strong chemical and decaying vegetation odor 824 

Yes Strong chemical odor 240 

No Weak odor ---

Yes Odor and light sheen in lenses 360 

Yes Slight TPH odor/sheen 2,690 

No Oily odor ---

Yes Small sheen florets/moderately strong chemical odor 200 

Yes Strong odor/pesticide and stain/sheen 270 

Page 1 of 1 
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Table 2 

Transition Zone Water Samples with Concentrations >1% Solubility for 4,4'-DDT or Chlorobenzene 
Arkema Early Action Site 

4,4'-DDT Chlorobenzene 
1% Solubility limit= 1% Solubility limit = 

Sample ID 0.0325 f.lg/L 
1 

5,000 f.lg/L
2 

LWG2-T90-AP3D --- 12,000 

LWG2-T30-AP3D --- 30,000 

LPW-TZW3AP04D --- 12,000 

LWG2-T30-AP2A 1.1 ---

LWG2-T30-AP3A 1.8 ---

LWG2-T30-AP3A-D 0.84 ---

LWG2-T90-AP3A 2.7 ---

Notes: 

f.Lg/L- micrograms per liter 

---Value did not exceed 1% solubility criteria 

1) Based on 3.25 f.Lg/L solubility in water from Verschueren (1983). 

2) Based on 500,000 f.Lg/L solubility in water from Montgomery & Welkom (1990). 

P:\50993-315-Arkema\EE-CA\NAPL position paper\NAPL position paper\ Tables\ Table 2- TZW Solubility Exceedance.xlsx 
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Table 3 

In-Water Groundwater Samples with Concentrations >1% Solubility for 4,4'-DDT or Chlorobenzene 
Arkema Early Action Site 

4,4'-DDT Chlorobenzene 

1% Solubility Limit= 1% Solubility Limit= 

Location 10 0.0325 f.l.g/l
1 

5,000 f.l.g/l
2 

WB-1 34 ---

WB-2 29 ---

WB-4 6.5 ---

WB-5 65 ---

WB-7 66 18,000 

WB-8 17 ---

WB-9 68 12,000 

WB-10 1,900 64,000 

WB-11 130 32,000 

WB-13 0.49 12,000 

WB-14 23 9,300 

WB-18 0.51 ---

WB-23 0.15 ---

WB-25 3.6 16,000 

Notes: 

f.i.g/l- micrograms per liter 

---Value did not exceed 1% solubility criteria 

1) Based on 3.25 f.i.g/l solubility in water from Verschueren (1983). 

2) Based on 500,000 f.i.g/l solubility in water from Montgomery & Welkom (1990). 

P:\50993-315-Arkema\EE-CA\NAPL position paper\NAPL position paper\ Tables\ Table 3- Groundwater Solubility Exceedance.xlsx 
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Figure 1: Non-Aqueous Phase Liquid (NAPL) Evaluation 
Arkema Inc. 

Portland, Oregon 

NAPL Lines of Evidence 

Visual 

Sheen/Odor/OVM 

Transition Zone Water> 1% Solubility Limit 

Groundwater> 1% Solubility Limit 

--- -
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Attachment A 

Sediment Core Logs Containing 

Visual Evidence of NAPL 
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SAMPLE OVM 
NUMBER (ppm) 

Project No: 8601192.001.0634 

Project: Acid Plant Rl 

Client: ATOFINA Chemicals, Inc. 

location: Portland, OR 

GROUP 
SYMBOL 

LITHOLOGIC 
DESCRIPTION 

- Mudline @ 49.1' below dock 

Drilled By: Cascade Drilling Well Casing Elevation: NA 

I Borehole: WB-6 (revised 9/02) 

Ground surface: Dock #1 

Geologist: Eron Dodak 

WELL CONSTRUCTION DETAIL 

-
-
-: 
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5 -
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20-
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---
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-
-

35-

-
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4Q-

Datum: City of Portland Datum- 1929 

Drill Method: Direct push probe Dock Surface Elevation: 36.56 

Drill Date: 7 June 2002 Borehole Diameter: 2.0" Sheet: 1 of 2 

ED_000959_PST _00007927-00012 3/28/2018 SEMS_296192 



! ~ 
SAMPLE OVM 

UJ 

I 
NUMBER (ppm) 

6 
1- (J 
a. ~ w 
0 '#. 

45 

50 501752 7.1 

S01753 8.9 

55 

801754 314 

60 801755 >3000 60% 

0% 

65 

70 

80 

Project No: 8601192.001.0634 
Borehole: WB-6 (revised 9/02) 

Project: Acid Plant Rl 

Client: ATOFINA Chemicals, Inc. Ground surface: Dock #1 

Location: Portland, OR Geologist: Eron Dodak 

-' 

~ GROUP 0::: 
~ SYMBOL 
~ 

LITHOLOGIC 
DESCRIPTION 

Clayey SILT, dark gray (10YR 4/1), -15-20% 
clay, wet, trace (5%) tan powdery material, trace 
(5%) tan to light brown material, weak odor, dis-
continuous sheen on water. 
Decreased clay content below 49.5' BGS. 
Tan powdery material absent below 51' BGS, 
trace (-5-10%) non-carbonized wood, tan@ 
52.5-53' BGS. 
SILT, very dark gray (10YR 311), some very fine 
sandy silt zones (-25-35%), moist, weak to 
moderate odor. 

Sll T, very dark gray (2.5Y 3/1 ), trace very fine 
sand, wet, -5-10% carbonized and non· 

WELL CONSTRUCTION DETAIL 

BACKFILLED 
w/BENTONITE 

GROUT 

45 

50 

55 

60 

65 

70 

75 

Drilled By: Cascade Drilling Well Casing Elevation: NA Datum: City of Portland Datum- 1929 

Drill Method: Direct push probe Dock Surface Elevation: 36.56 

Drill Date: 7 June 2002 Borehole Diameter: 2.0" Sheet: 2 of 2 
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15 

20 
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z SAMPLE OVM 
Q NUMBER (ppm) :!: 
!;( z 
> i3 :':! = w <n 

5 

0 

S01963 

-5 S01964 

S01965 

·10 

Project No: 8601192.001 0634 

Project: ATOFINA 

Borehole: WB-11 

Client: ATOFINA Chemicals, Inc. 

Location: Portland, OR 

Ground Surface: Barge Deck 

Logged By: Eron Dodak 

1i: GROUP 
..J SYMBOL w < 

~ ~ 
0 w 
w 1-
a: a: 

LITHOlOGIC 
DESCRIPTION 

Willamette River surface, 

Mudline at 11.5 fr below barge deck. 

SILT, dark olive gray (SY 3/2), trace fine sand and 
organics, soft, no odor. 

Light tan clay-rich zones, 5-10% fibrous organics. 

Occasional tan clay rich laminations, weak odor. 

As above with color dark gray (SY 4/1 ), 
trace of dark brown oily material. 

As above with consolidated tan fiberous material 
19.3-19.4 ftbelow deck. 

BACKFill 
(Bentonite grout) 

5 

10 

15 

-10 

Drilled By: Cascade Drilling 

Drill Method: Direct Push 

Well Casing Elevation: NA Datum: City of Portland Datum -1929 

Barge Deck Elevation: 9.4 ft 

Drill Date March 6-7, 2003 Borehole Diameter: Varies Sheet: 1 of2 
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11' 

11' 
~ 
z SAMPLE OVM 

~ g NUMBER (ppm) :=: 
lt i= > ~ D. ~ w ::1 c w (I) 

$01966 109 

-15 

25 

801968 

801969 12.8 
-20 

30 

801971 

-25 

35 

-30 

40 

Project No: 8601192.001 0634 

Project: ATOFINA 

Borehole: WB-11 

Client: ATOFINA Chemicals, Inc. Ground Surface: Barge Deck 

Logged By: Eron Dodak Location: Portland, OR 

~ GROUP 
..J SYMBOL w ;; 

8 " w 
w 1-

" 21: 

LITHOLOGIC 
DESCRIPTION 

SILT, dark gray (lOYR 411), trace of very fine sand 
and fiberous organics, slightly stiff, weak to 
moderate odor. 

As above with Y." thick very fine sand rich (30-

bove with strong odor, 5-l 
· bands I" thick. 

Trace of Silty fine SAND at bottom of sampler, 
dark gray (1 OYR 4/l ), possible sheen. 

SILT, dark gray (10YR 4/l), trace micaceous very 
fine sand and carbonize/noncarbonized wood, 
slightly stiff, weak odor. 

As above with very fine micaceous sand (10-20%), 
indistinct odor. 

Slightly silty fine SAND, dark gray (2.5Y 4/l), 
trace wood and red grains, indistinct odor, light 
organic sheen at 31.7 ft only. 

As above with very fine to fine sand, no wood, 
moderate odor. 

Silty very fine SAND, olive brown (2.5Y 4/3), 
micaceous, 30-40% silt, piece of wood at bottom of 
unit, moderate odor. 

BASALT: very dark gray (2.5Y 3/1 ), massive, well 
indurated, moderate odor. 

Refusal on basalt at 34.0 ft below deck. 

Groundwater sample GW03070302 collected at 23-
27 ft below deck. 

Groundwater sample GW03070301 collected at 31-
33.5 ft below deck. 

BACKFILL 
(Bentonite grout) 

25 

30 

35 

40 

z 
e 
lt 
iii 
..J w 

-15 

-20 

-25 

-30 

Drilled By: Cascade Drilling 

Drill Method: Direct Push 

Well Casing Elevation: NA Datum: City of Portland Datum -1929 

Drill Date March 6-7, 2003 
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Barge Deck Elevation: 9.4 ft 

Borehole Diameter: Varies 

3/28/2018 

Sheet: 2 of2 
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Attachment B 

Sediment Core Logs Containing 

Secondary Evidence of NAPL 
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SAMPLE OVM 
NUMBER (ppm) 

Project No: 8601192.001.0634 

Project: Acid Plant Rl 

Client: ATOFINA Chemicals, Inc. 

location: Portland, OR 

GROUP 
SYMBOL 

LITHOLOGIC 
DESCRIPTION 

- Mudline @ 49.1' below dock 

Drilled By: Cascade Drilling Well Casing Elevation: NA 

I Borehole: WB-6 (revised 9/02) 

Ground surface: Dock #1 

Geologist: Eron Dodak 

WELL CONSTRUCTION DETAIL 

-
-
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35-

-
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4Q-

Datum: City of Portland Datum- 1929 

Drill Method: Direct push probe Dock Surface Elevation: 36.56 

Drill Date: 7 June 2002 Borehole Diameter: 2.0" Sheet: 1 of 2 
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! il: 
SAMPLE OVM 

UJ 
> 

I 
NUMBER (ppm) 

0 
1- (_) 
a. ~ w 
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45 

50 501752 7.1 

S01753 8.9 

0% 

55 

801754 314 

60 60% 

0% 
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Project No: 8601192.001.0634 
Borehole: WB-6 (revised 9/02) 

Project: Acid Plant Rl 

Client: ATOFINA Chemicals, Inc. Ground surface: Dock #1 

Location: Portland, OR Geologist: Eron Dodak 

-' 
;g; GROUP 
0::: 
~ SYMBOL 
~ 

LITHOLOGIC 
DESCRIPTION 

Clayey SILT, dark gray (10YR 4/1), -15-20% 
clay, wet, trace (5%) tan powdery material, trace 
(5%) tan to light brown material, weak odor, dis-
continuous sheen on water. 
Decreased clay content below 49.5' BGS. 
Tan powdery material absent below 51' BGS, 
trace (-5-10%) non-carbonized wood, tan@ 
52.5-53' BGS. 
SILT, very dark gray (10YR 311), some very fine 
sandy silt zones (-25-35%), moist, weak to 
moderate odor. 

Sll T, very dark gray (2.5Y 3/1 ), trace very fine 
sand, wet, -5-10% carbonized and non· 

WELL CONSTRUCTION DETAIL 

BACKFILLED 
w/BENTONITE 

GROUT 

45 

50 

55 

60 

65 

70 

75 

Drilled By: Cascade Drilling Well Casing Elevation: NA Datum: City of Portland Datum- 1929 

Drill Method: Direct push probe Dock Surface Elevation: 36.56 

Drill Date: 7 June 2002 Borehole Diameter: 2.0" Sheet: 2 of 2 
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·10 

Project No: 8601192.001 0634 

Project: ATOFINA 

Borehole: WB-11 

Client: ATOFINA Chemicals, Inc. 

Location: Portland, OR 

Ground Surface: Barge Deck 

Logged By: Eron Dodak 

1i: GROUP 
..J SYMBOL w < 

~ ~ 
0 w 
w 1-
a: a: 

LITHOlOGIC 
DESCRIPTION 

Willamette River surface, 

Mudline at 11.5 fr below barge deck. 

SILT, dark olive gray (SY 3/2), trace fine sand and 
organics, soft, no odor. 

Light tan clay-rich zones, 5-10% fibrous organics. 

Occasional tan clay rich laminations, weak odor. 

As above with color dark gray (SY 4/1 ), 
trace of dark brown oily material. 

As above with consolidated tan fiberous material 
19.3-19.4 ftbelow deck. 

BACKFill 
(Bentonite grout) 

5 

10 

15 

-10 

Drilled By: Cascade Drilling 

Drill Method: Direct Push 

Well Casing Elevation: NA Datum: City of Portland Datum -1929 

Barge Deck Elevation: 9.4 ft 

Drill Date March 6-7, 2003 Borehole Diameter: Varies Sheet: 1 of2 
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Project No: 8601192.001 0634 

Project: ATOFINA 

Borehole: WB-11 

Client: ATOFINA Chemicals, Inc. Ground Surface: Barge Deck 

Logged By: Eron Dodak Location: Portland, OR 

~ GROUP 
..J SYMBOL w ;; 

8 a: 
w 

w 1-
0:: 2!: 

LITHOLOGIC 
DESCRIPTION 

SILT, dark gray (lOYR 411), trace of very fine sand 
and fiberous organics, slightly stiff, weak to 
moderate odor. 

As above with Y." thick very fine sand rich (30-

bove with strong odor, 5-l 
· bands I" thick. 

Trace of Silty fine SAND at bottom of sampler, 
dark gray (1 OYR 4/l ), possible sheen. 

SILT, dark gray (10YR 4/l), trace micaceous very 
fine sand and carbonize/noncarbonized wood, 
slightly stiff, weak odor. 

As above with very fine micaceous sand (10-20%), 
indistinct odor. 

Slightly silty fine SAND, dark gray (2.5Y 4/l), 
trace wood and red grains, indistinct odor, light 
organic sheen at 31.7 ft only. 

As above with very fine to fine sand, no wood, 
moderate odor. 

Silty very fine SAND, olive brown (2.5Y 4/3), 
micaceous, 30-40% silt, piece of wood at bottom of 
unit, moderate odor. 

BASALT: very dark gray (2.5Y 3/1 ), massive, well 
indurated, moderate odor. 

Refusal on basalt at 34.0 ft below deck. 

Groundwater sample GW03070302 collected at 23-
27 ft below deck. 

Groundwater sample GW03070301 collected at 31-
33.5 ft below deck. 

BACKFILL 
(Bentonite grout) 
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Drilled By: Cascade Drilling 

Drill Method: Direct Push 

Well Casing Elevation: NA Datum: City of Portland Datum -1929 

Drill Date March 6-7, 2003 

ED_000959_PST _00007927-00029 

Barge Deck Elevation: 9.4 ft 

Borehole Diameter: Varies 

3/28/2018 

Sheet: 2 of2 

SEMS_296192 



ED_000959_PST _00007927 -00030 3/28/2018 SEMS_296192 



ED_000959_PST _00007927-00031 3/28/2018 SEMS_296192 



Ill 

ED_000959_PST _00007927-00032 3/28/2018 SEMS_296192 



I 

ED_000959_PST _00007927 -00033 3/28/2018 SEMS_296192 



I 

ED_000959_PST _00007927 -00034 3/28/2018 SEMS_296192 



ED_000959_PST_00007927-00035 3/28/2018 SEMS_296192 



ED_000959_PST_00007927-00036 3/28/2018 SEMS_296192 



ED_000959_PST_00007927-00037 3/28/2018 SEMS_296192 



I 

ED_000959_PST _00007927 -00038 3/28/2018 SEMS_296192 



I 

ED_000959_PST_00007927-00039 3/28/2018 SEMS_296192 



ED_000959_PST _00007927-00040 3/28/2018 SEMS_296192 



ED _000959 _PST _00007927 -00041 3/28/2018 SEMS_296192 



ED_000959_PST _00007927-00042 3/28/2018 SEMS_296192 



ED_000959_PST _00007927-00043 3/28/2018 SEMS_296192 



Attachment C 

ERM 2005 Upland RI Report 

Figure 8 - 3D Views of Shallow 

ZoneDNAPL 
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Figure 8 
30 Views of Shallow Zone DNAPL 

Direct-Push Sample Locations 
Arkema, Inc. 

Portland, Oregon 

ERM 03106 
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